Background: TGF-β has an important role in the process of wound healing and scar formation. The aim of this study is to determine the effects of ethanolic and methanolic extracts of Calendula officinalis on the expression of TGFβ1 and bFGF in the mouse embryonic fibroblast cells (MEFs).
Background
Growth of new tissue and scar formation are two important issues in tissue injury. Fibroblasts are the main cells in the wound healing process because they migrate and proliferate to the injury site after 2 or 3 days. Then, the cells produce extracellular matrix especially collagen. Growth factors play important roles in the proliferation, migration, and production of ECM substances by fibroblasts. Recently, researches showed that the growth factor TGF-β has an important role in the process not only in wound healing but also in scar formation. TGF-β applies their effects via the intracellular SMAD pathway. [1, 2] . It has been shown that TGFβ1 activates angiogenesis by stimulating vascular smooth muscle cell migration [3] [4] [5] . The importance of this factor in creating and maintaining the vascular system has been proved by numerous studies. TGFβ1 and its receptors lead to fetal death due to impaired vessel formation [6, 7] . TGFβ1 induces the maturation of retinoic acid-inducible gene I (RIGI), therefore, stimulates the formation and intensification of interaction between epithelial cells and the basement membrane of the mural cells [8] [9] [10] . Also bFGF, (FGF 2 or FGF-β) contribute to control of endothelial cells and fibroblasts migration, which are responsible for angiogenesis and collagen formation of the epithelial layer [1, 9, 11] .
Calendula officinalis L. (Asteraceae) has been traditionally used in the treatment of various diseases such as skin tumors, dermatological lesions, and swellings. Despite a long tradition of use of Calendula officinalis L., the biological aspect of its activity has not been explored properly. Recent research supports the medicinal potential of Calendula officinalis L. Calendula officinalis L. properties need to be investigated to determine their varied biological activities and mechanism of actions. To determine the effectiveness of the Calendula officinalis L. in the treatment of dermatologic disorders, more research is necessary to understand the action mechanism of this plant. Therefore, the aim of this study is to determine the effect of the Calendula officinalis L. extract on proliferation and expression of two important growth factors, TGFβ1 and bFGF, at the MEFs.
Materials and methods

Preparation of Calendula officinalis extract
Twenty grams of dried flowers of Calendula officinalis were collected from Lorestan Agricultural and Natural Resources Research and Education Center and soaked in 120 ml of 50% ethanol or methanol for 72 h in a dark. In the next step, it was centrifuged and passed through the filter and dried at room temperature to yield 8.7% w/w extract. Then the extract was stored at − 20°C until further use.
GC-MS analysis of Calendula officinalis extract
Different substances within Calendula officinalis extract defined with gas chromatography and mass spectrometry (GC-MS) at the Lorestan University.
Isolation and culture of MEFs
Isolation and culture of mouse embryonic fibroblasts (MEFs) were performed according to the protocol described elsewhere [12] . In the brief, a pregnant mouse at 13 or 14 days post-coitum (d.p.c) was sacrificed by dislocating of cervical vertebrae and uterine horns were dissected and rinsed in 70% (v/v) ethanol and placed into a Falcon tube with PBS buffer, without calcium and magnesium ions. The embryos were separated from its embryonic sac and placenta. Then, 1 ml of 0.05% trypsin/ EDTA (Gibco, Invitrogen) containing 100 K units of DNase I per each embryo was added and incubated at the room temperature for 15 min. Cells were dissociated by pipetting each 5 min. Trypsin inactivated by the addition of 1 volume of freshly prepared MEF medium. Then, cells were centrifuged and the cell pellet was washed in warm MEF medium.
MTT assay
To evaluate cell viability, fibroblast cells incubated with different concentrations of Calendula officinalis (5 μg/ml, 10 μg/ml, 20 μg/ml, 40 μg/ml, and 50 μg/ml) for 12, 24, 48, and 72 h. Then, 20 μl of MTT (5 mg/ml, Sigma) in PBS solution added into each of the wells, and the plate was further incubated for 4 h. In the next step, 200 μl of DMSO added into each well, incubated for 15 min to dissolve the formed crystal formation and the light absorption measured using an enzyme-linked immunosorbent assay (ELISA) reader. Cell viability expressed as a percentage of absorbance values in treating cells.
Analysis of TGF β 1 and bFGF gene expression by realtime PCR MEFs were exposed to different concentrations of ethanolic and methanolic Calendula officinalis extracts (5 μg/ml and 10 μg/ml) and then, cells were collected at 12 and 24 h using trypsin/EDTA. Total RNA isolated and the concentration and purity of RNA determined using biophotometer (Eppendorf, Hamburg, Germany). The concentration and quality of the RNA samples confirmed by electrophoresis on 1% denatured agarose gel.
Following procedures were performed:
1) Generation of first strand cDNA with 1 μg total RNA using the cDNA Synthesis Kit (Roche Diagnostics GmbH, Mannheim, Germany). Oligonucleotide sequences of the primers and their characteristics are presented in Table 1 .
Analysis of TGFβ1 and bFGF protein expression by ELISA
MEFs were cultured in 6-well plates (10 5 cell per well) and were exposed to ethanolic and methanolic extract of Calendula officinalis (5 μg/ml, 10 μg/ml) and supernatant were collected at 12 and 24 h. Samples were frozen at − 20°C. TGF-β1 protein concentration in cell culture supernatants was measured by Ready-Set-GO TGF-β1 cytokine ELISA kit from eBioscience (San Diego, CA, 
Statistical analysis
The statistical analysis of data was done by using SPSS software. Differences between the groups were analyzed by using Wilcoxon test. Differences were considered significant at (P < 0.05).
Results
GC-MS analysis
GC-MS analysis showed that the main components present in the Calendula officinalis extract are carvacrol, thymol, ethyl hexadecanoate, and viridiflorene ( Table 2) .
Effect of Calendula officinalis extract on MEFs viability
The results of MTT assay to determine if Calendula officinalis ethanolic/methanolic extract affects cell viability of MEFs at different concentration (5 μg/ml, 10 μg/ml, 20 μg/ml, 40 μg/ml) showed that the Calendula officinalis extract using both solvents was non-toxic to the cells. The concentrations of 5 μg/ml and10 μg/ml were more suitable for cell proliferation. Therefore, this study was evaluated in these concentrations (Fig. 1) .
TGF β 1 and bFGF gene expression
Analysis of TGF β 1 gene expression for the ethanolic extract (Fig. 2a) and the methanolic extract (Fig. 2b) , revealed an increase TGF β 1 gene expression in the MEFs at different concentrations (5 μg/ml, 10 μg/ml) at 12 h after treatment (P < 0.05 and P < 0.01 respectively). But the expression of TGF β 1 gene remained the same 24 h at the two concentrations after treatment with ethanolic extract ( Fig. 2a and Table 3 ). The methanolic extract results revealed an increase in the expression for the two extracts at 12 h and a decline in the expression of the gene at 24 h ( Fig. 2b and Table 4 ) (P < 0.05 and P < 0.01 respectively). Gene expression of bFGF in the MEFs indicated a similar pattern with TGF β 1 expression for both solvent, an increase bFGF gene expression in the MEFs at different concentrations (5 μg/ml, 10 μg/ml) at 12 h after treatment (P < 0.05 and P < 0.01 respectively). But the expression of bFGF gene remained the same 24 h at the two concentrations after treatment with ethanolic extract (Fig. 3a and Table 5 ). The methanolic extract results indicated an increase in the expression for the two extracts at 12 h and a decline in the expression of the gene at 24 h ( Fig. 3b and Table 6 ) (P < 0.05 and P < 0.01 respectively) ( Table 2 ).
TGFβ1 and bFGF protein expression
Analysis of TGFβ1 protein expression of the ethanolic extract (Fig. 4a ) and the methanolic extract (Fig. 4b) revealed an increase TGFβ1 gene expression in the MEFs at different concentrations (5 μg/ml, 10 μg/ml) at 12 h (P < 0.05 and P < 0.01 respectively). But the expression of TGFβ1 protein was slightly reduced, 24 h at the two concentrations after treatment with ethanolic extract (Fig. 4a) . The methanolic extract results indicated a similar pattern (Fig. 4b) (P < 0.05 and P < 0.01 respectively). Protein expression of bFGF in MEFs revealed an increase in bFGF protein expression at different concentrations (5 μg/ml, 10 μg/ml) of 12 h after treatment (P < 0.05 and P < 0.01 respectively). The same increasing pattern of bFGF protein expression was observed 24 h at the two concentrations after treatment with ethanolic extract. The methanolic extract results indicated a similar pattern with that of the ethanolic extract, as compared with the control (P < 0.05 and P < 0.01 respectively).
When the ethanolic and methanolic extracts of Calendula officinalis were compared, ethanolic extract indicated more effective to stimulate MEFs (Figs. 2, 3 , and 4 and Tables 3, 4 , 5, and 6).
Discussion
The results of the present study indicated that both methanol and ethanol extracts of Calendula officinalis Table 3 The total expression ratio of the gene of TGFβ1 in the MEFs treated with various concentrations of ethanol extract of Calendula (5 and 10 μg/ml) relative to control group is presented in each time (12 and 24 h after treatment). The statistic test for significance is randomization re-allocation test, implemented in the relative expression software tool. Significant down or upregulations of the genes highlighted 12 h after treatment 24 h after treatment 5 μg/ml 10 μg/ml 5 μg/ml 10 μg/ml Table 4 The total expression ratio of the gene of TGFβ1 in the MEFs treated with various concentrations of methanol extract of Calendula (5 and 10 μg/ml) relative to control group is presented in each time (12 and 24 h after treatment). The statistic test for significance is randomization re-allocation test, implemented in the relative expression software tool. Significant down or upregulations of the genes highlighted 12 h after treatment 24 h after treatment 5 μg/ml 10 μg/ml 5 μg/ml 10 μg/ml Table 5 The total expression ratio of the gene of bFGF in the MEFs treated with various concentration of ethanol extract of Calendula (5 and 10 μg/ml) relative to control group is presented in each time (12 and 24 h after treatment). The statistic test for significance is randomization re-allocation test, implemented in the relative expression software tool. Significant down or upregulations of the genes highlighted 12 h after treatment 24 h after treatment 5 μg/ml 10 μg/ml 5 μg/ml 10 μg/ml had non-toxic effects of different concentration. The extracts similar to previous studies increased proliferation of the MEFs [13, 14] . Among different concentrations of Calendula extraction 5 and 10 μg/ml were more suitable for cell proliferation. Previous investigation revealed that Calendula officinalis can inhibit collagen degradation and matrix metalloproteinase (MMP) activity, and induce neovascularization in the chorioallantoic membrane and skin wound.
Quercetin, one of the active components in Calendula, can decrease the expression of tumor necrosis factor-α (TNF-α), interleukin-1β, IL-6, and IL-8 [14] [15] [16] [17] .
During the wound healing process, fibroblasts play a crucial role. Then, the cells proliferate and migrate into the wound area, synthesis extracellular matrix (EXM), and the express of thick actin bundles as myofibroblasts [18, 19] . Important cytokines that produce by fibroblast are TGFβ1 and bFGF. TGFβ1 and bFGF impacts on cell division, cell migration, cell differentiation, protein expression, and enzyme production and have the potential ability to heal wounds through stimulation of angiogenesis factors and cellular proliferation which affects the ECM production and degradation through their chemotactic role on inflammatory cells and fibroblasts [20] .
Several studies indicated that upregulation of TGFβ1 can stimulate the production of fibrotic disease [21, 22] .
In the present study, Calendula officinalis increased TGFβ1 and bFGF at the first 12 h therefore stimulate wound healing. Then, the decrease of these factors at 24 h suppressed the expression of TGFβ1 and bFGF and may inhibit the fibrotic process. The Calendula at first may upregulate the expression of TGFβ1 and bFGF but after that may downregulate the expression of these genes.
Conclusion
Calendula officinalis not only shows no cytotoxicity effects on MEFs but also stimulates proliferation of these cells. Calendula via increased expression of growth factors (TGFβ1 and bFGF) at the first 12 h, and a decrease of these factors at 24 h after treatment may ameliorate function of fibroblasts in the during wound healing. Table 6 The total expression ratio of the gene of bFGF in the MEFs treated with various concentration of methanol extract of Calendula (5 and 10 μg/ml) relative to control group is presented in each time (12 and 24 h after treatment). The statistic test for significance is randomization re-allocation test, implemented in the relative expression software tool. Significant down or upregulations of the genes highlighted 12 h after treatment 24 h after treatment 5 μg/ml 10 μg/ml 5 μg/ml 10 μg/ml 
